Introduction
Aneurysms of posterior circulation account for only 10-15% of all intracranial aneurysms and amongst these aneurysms, AICA aneurysms account for only 1-2% [1] . AICA aneurysms can be associated with arteriovenous malformation (AVM) and cerebellopontine tumours [1] [2] [3] . However, aneurysms of the AICA-PICA variant are exceedingly rare. Only 5 cases of such aneurysms that were surgical managed have been reported in literature.
In this case report, we described a patient who presented with an AICA-PICA aneurysm which was initially misdiagnosed as a thrombosed AVM. We also discussed the presentation, radiological findings and surgical management of such aneurysms. Pertinent literature was also reviewed.
Presentation of case
A 35 year old female, with no known co-morbid conditions, presented with complaints of severe headache followed by altered sensorium for 2 days. On examination, she had a Glasgow Coma Score (GCS) of 9/15 (E2 V2 M5), bilateral gross papilledema and down going plantars. No focal neurological deficit was seen. CTscan revealed bilaterally dilated lateral ventricles and cerebellar haemorrhage. While cerebral angiogram showed focal dilation of the meningeal branch of the right vertebral artery. This was thought to be secondary to the presence of a thrombosed AVM and was the possible source of the haemorrhage [ Figs. 1 and 2 ]. External Ventricular Drain (EVD) was placed due to hydrocephalus which was caused by intraventricular haemorrhage, secondary to subarachnoid haemorrhage. This resulted in gradual improvement in her GCS. After clearance of CSF, she was given an EVD challenge. This refers to closing the EVD for 24 h along with monitoring the patient's neurological response and intracranial pressure (ICP). A CT-scan is repeated after 24 h have elapsed. If after 24 h, no deterioration is seen in the patient's neurological response and the CT-scan does not show a further increase in hydrocephalus, the patient is deemed drain independent and the EVD is removed. The patient is deemed drain dependent if there is an increase in ICP after 24 h, deterioration at opening or closing the EVD, or an increase in hydrocephalus on CT-scan. A shunt is placed when feasible. The patient tolerated the challenge and hence EVD was removed. The patient was discharged on the 14th day of admission with a plan of interval imaging and interventional radiology if required.
However, on the 10th day of her discharge, the patient was readmitted for headache, neck pain and vomiting for the past 6 h. On examination, her GCS was 15/15 (E4 V5 M6). CT-scan showed haemorrhage in the fourth ventricle and hydrocephalus. Her cerebral angiogram was repeated which showed a 3 mm aneurysm in the anterior inferior cerebellar artery (AICA) along with the absence of posterior inferior cerebellar arteries (PICA) bilaterally . This aneurysm was the source of the bleeding. This was co-related with Fig. 1 . Relevant pre-operative work-up showed anaemia with haemoglobin and haematocrit levels of 9.4 g/dl and 29% respectively. Additionally, her serum pH was 7.55 with partial pressures of oxygen and carbon dioxide at 317.50 mmHg and 26.40 mmHg respectively. Coagulation and electrolyte studies along with serum creatinine and blood urea nitrogen revealed no abnormalities. She underwent sub-occipital craniotomy and excision of the aneurysm.
Intra-operative findings included a fusiform thrombosed aneurysm at the bifurcation of the AICA on the right side, within the AICA-PICA complex. The aneurysm was excised with cautery, haemostasis was secured and an EVD was placed. This was done to ensure complete resolution of hydrocephalus. Her angiogram was repeated which showed complete excision of the aneurysm [ Fig. 5 ]. The patient did not develop any new neurological deficit. The postoperative course was unremarkable and the patient was discharged once the EVD had been removed.
The patient was followed up one week later. Her GCS was 15/15 and there were no active issues.
Discussion
There are considerable variations in the anatomy of the vertebrobasilar system. The most common variation is agenesis of the right PICA followed by agenesis of the left PICA as reported in literature [4] . An inverse relationship between the sizes of the AICA and PICA is thought to exist [5] . Agenesis of the PICA leads to a welldeveloped AICA so that it can supply the areas that would have been perfused by the absent vessels. This is known as the "AICA-PICA variant" with an overall prevalence rate of 20-24% as reported in literature [5] . This prevalence is derived from reviewing vertebral angiograms of 200 patients as seen in the study by Takahashi et al. and 100 normal angiograms as seen in the study by Margolis and Newton [6] . While both studies report a comparable prevalence, extrapolating this prevalence to the general population may not be statistically accurate. Regardless of the prevalence, the rarity of AICA aneurysms, as discussed earlier, could explain the presence of only 5 cases on the surgical removal of such an aneurysm.
As far as aneurysms of the AICA-PICA variant are concerned, the exact cause is not known. The aneurysms may develop due to increased blood flow in the variant or a vascular injury such as a dissection [9] . Saccular and fusiform types of aneurysms of the AICA-PICA variant were seen in our literature review. These terms refer to the morphological features of these aneurysms [10] . As with any other cerebral aneurysm, the complication would include rupture of the aneurysm.
As seen in Table 1 , there is a female predominance amongst cases of an aneurysm of the AICA-PICA variant managed surgically. However, the minute number of cases available make it difficult to derive a statistical conclusion so gender cannot be considered a risk factor for the development of these aneurysms [5, 9, 11, 12] .
In the report by Suh et al. 5 cases of aneurysms of the AICA-PICA variant were managed non-surgically via Endovascular Treatment (EVT). This study reports the presence of such an aneurysm in a male patient although a female predominance is still seen. The predominant presentation was that of subarachnoid haemorrhage as seen in 3 out of 5 patients. In two patients, the aneurysm was discovered incidentally [13] .
Before EVT, surgery was the main treatment modality for intracerebral aneurysms. With the increasing advances in technology, a greater number of aneurysms can be managed via EVT today. However, aneurysms that are large (>10 mm), giant (>25 mm) or fusiform in morphology are associated with higher morbidity, mortality and recurrence rate when managed by EVT [14] [15] [16] . EVT also requires the administration of a dual anti-platelet regimen which may not be tolerated by all patients [15] . Moreover, ruptured aneurysms with compressive hematomas are indications for surgery too [14] .
Amongst cases managed surgically, the most common presenting features included headaches of sudden onset and vomiting as summarised in Table 1 [ 5,9,11,12,17] . The only exception is a case reported by Ooigawa, et al [17] . The authors reported a case with a giant thrombosed aneurysm in the right AICA-PICA variant. The presenting features included progressive right-sided facial sensory disturbance, hemidysesthesia in the left extremities and hearing loss in the right ear for a few years [17] . However, based on the review of literature, it can be concluded that the most common presentation is acute in nature. This is also seen in our case.
Radiological imaging is an important prerequisite in the diagnosis of such aneurysms. On CT-scan, subarachnoid and intraventricular haemorrhages were seen in almost all cases [5, 9, 11, 12] . The only exception being the case reported by Ooigawa et al.
Vertebral angiography and cerebral angiography are also important diagnostic modalities in such cases. The aneurysm was seen in the distal segment of the left AICA-PICA variant on vertebral angiography as reported by Kojima et al [12] . Baskaya et al. reported another case where cerebral angiography revealed a saccular aneurysm in the cortical segment of the AICA-PICA complex, on the left [5] . The two most recent cases of aneurysms in the AICA-PICA variant have been reported by C. V. Gopalakrishnan et al. The first case showed the presence of a saccular aneurysm in the telovelotonsillar region of the AICA-PICA variant on the right [9] . While the second case showed an aneurysm in the tonsillomedullary segment of the AICA-PICA variant on the left [9] .
The only notable exception includes the case reported by Ooigawa H, et al. The authors reported the presence of a 3 cm mass lesion at the right cerebello-pontine angle on MRI [17] . This was initially thought to be a vestibular schwannoma [17] . However, digital subtraction angiography showed the presence of a partially thrombosed aneurysm in the distal region of the AICA-PICA variant [17] .
As seen in the case description above, the radiological findings in our case were similar to those reported in literature. Cerebellar and intra-ventricular haemorrhages were seen on CT-scan. On angiography, a 3 mm aneurysm in the AICA-PICA variant was seen on the right. Only Baskaya et al. and Gopalakrishnan et al. (in 1 case) have described the aneurysms as saccular aneurysms. This has not been mentioned in other cases as seen in Table 1 . The aneurysm seen in our case was a fusiform aneurysm. This is different from other aneurysms reported in literature.
Surgical management of such aneurysms remains a challenge. Bilateral suboccipital craniectomy was performed and the aneurysm was clipped via a midline suboccipital approach in the case reported by Kojima et al [12] . While a midline suboccipital craniotomy was performed and the saccular aneurysm in the cortical region of the AICA-PICA complex was clipped via transcerebellar dissection in the case reported by Baskaya et al [5] .
In the series of two cases reported by Gopalakrishnan et al., a midline suboccipital craniectomy was performed in the first case and the saccular aneurysm was clipped via a telovelotonsillar approach (after freeing it from adhesions to the inferior medullary velum) [9] . This was similar to the approach used in the other reported cases. However, in the second case, a lateral suboccipital craniectomy was performed and the aneurysm was successfully clipped [9] . This was different from other cases reported in literature. The authors deemed this was necessary due to the lateral location of the aneurysm [9] .
In conclusion, the surgical management in all such cases included clipping. The only exception reported in literature includes the case described by Ooigawa et al. Thrombectomy was performed after endovascular trapping of the aneurysm [17] . The authors chose such a plan of management in order to avoid any new neurological deficit since MRI had also revealed a cerebellar infarction in the distal region supplied by the AICA-PICA variant [17] . The location of aneurysm (on the lateral wall of the pons) was also a contributing factor [17] . However, in our case, the aneurysm was excised after suboccipital craniotomy. This was done due to the size of the aneurysm (3 mm). An aneurysm of such a size was considered to pose difficulty in clipping. This plan of management is different from other cases reported in literature.
The post-operative course and follow-up were unremarkable in most cases. The exceptions included the cases reported by Baskaya et al. and Gopalakrishnan as mentioned in Table 1 . The first case described by Gopalakrishnan et al. eventually ended in a vegetative state after surgery [9] . The authors felt this was due to medullary ischemia secondary to retrograde perforator spasm. This is based on their observation of perforators to the brainstem from the distal part of the AICA-PICA variant [9] . This is in contrast to Baskaya et al. where the authors believe there is no contribution to supply of the brainstem from the telovelotonsillar and cortical regions of the variant [5] . However, if perforators are seen preoperatively, these perforators need to be preserved as damaging them can lead to major neurological deficit as seen in the case described by Gopalakrishnan et al [9] . No perforators were seen on any angiograms in our patient.
Conclusion
In conclusion, despite the relative prevalence of the AICA-PICA variant, aneurysms in the AICA-PICA variant are rare. Careful evaluation is needed to come to an accurate diagnosis. All this contributes towards devising a suitable plan for the management of such aneurysms.
Conflict of interest
The authors would explicitly state that there are no conflicts of interest and have nothing to declare.
Funding
There were no sources of funding
Ethical approval
This is a case report. Hence it does not require a review from the ethics committee.
Author contribution
Dr. Saad Akhtar = writing the paper, Abdul Azeem = writing the paper, review of literature, Dr. Amyna Jiwani = writing the paper, Dr. Gohar Javed = writing the paper, proof reading, corrections and corresponding author.
Consent
Written informed consent was obtained from the patient for publication of this case report and accompanying images. A copy of the written consent is available for review by the Editor-in-Chief of this journal on request.
Guarantor
Dr. Saad Akhtar.
